contains suspended particles, as in lubrications loaded with dust and metal particles. Elcrat (1976) has proved the theorem of existence and uniqueness for non-rotational fluid motion between fixed porous disks with arbitrary uniform injection or suction.
The steady flow and heat transfer of a conducting fluid due to the rotation of an infinite, non-conducting, porous disk in the presence of an axial uniform steady magnetic field were studied by Attia (2006a) considering the ion slip. The fluid motion was subjected to the uniform suction or injection through the surface of the porous disk.
The transformed non-linear differential equations were solved numerically using an algorithm based on the finite differences. The effects of Ohmic heating and viscous dissipation on unsteady laminar magneto-hydrodynamics flow of a viscous Newtonian and electrically conducting fluid over a rotating disk taken into account the variable fluid properties in the presence of Hall and ion-slip currents effects was studied by Osalusi et al. (2007) . In the literature on convective heat transfer phenomena for saturated porous medium, a wealth of information is available and satisfactory means have been evolved for the estimation of the velocity and temperature fields, heat and mass transfer coefficient involving porous media. Comprehensive literature on the subject is given in the monographs and books of Nakayama (1995) , Kaviany (1995) , Vafai and Hadim (2000) , Vafai (2005) , Nield and Bejan (2013) and Cimpean et al. (2009) . Umavathi et al. (2005b) have analyzed numerically mixed convection in a vertical channel filled with a porous medium including the effect of inertial forces, viscous and Darcy dissipations. All the above researchers have done their work for Newtonian fluids.
The research on micropolar fluids has been of great interest because the NavierStokes equations for Newtonian fluids cannot successfully describe the characteristics of fluid with suspended particles. Eringen (1966 Eringen ( , 1972 first developed the theory of micropolar fluids and thermomicropolar fluids to describe the characteristics of liquid crystal, polymeric fluids, and fluids containing small additives by considering the Flow and heat transfer in a porous medium saturated by a mcropolar · · · microscopic effects due to the local structure and micromotions of the fluid elements.
The equations governing the micropolar fluids involve a spin vector and a microinertia tensor in addition to the velocity vector. The potential importance of micropolar fluids in industrial applications has motivated many researchers to extend the study in numerous ways to include various physical effects. The essence of the theory of micropolar fluid lies in particle suspension, liquid crystals animal blood, exotic lubricants, etc. Excellent reviews about the applications of micropolar fluids have been published by Ariman et al. (1973 Ariman et al. ( , 1974 . Hoyt and Fabula (1964) have shown experimentally that the fluids containing minute polymeric additives can reduce skin friction 25-30%. This reduction was explained with the theory of micropolar fluids. Body fluid such as the fluid in the brain can also be adequately modeled as micropolar fluids (Power, 1998) .
To understand the departure from the viscous (Newtonian) fluid flow model, several problems that were studied in viscous fluid flow theory have also been studied in the realm of micropolar fluids. An account of the earlier developments in polar fluid theory can be seen in the work of Stokes (1984) and the existing state of art can be seen in the excellent treatise of Lyczkowski (1999) . Over years various investigations, on studies pertaining to micropolar fluid flows, have been reported in the literature (Chamkha, 2002; Cheng, 2006; Kumar et al., 2010a; Nasir and Tasawar, 2008; Rees and Bassom, 1996) . Kamal et al. (2006) and Ashraf et al. (2009a) have studied numerically the two dimensional flow of a micropolar fluid between two permeable coaxial disks. More recently, Ashraf and Wehgal (2012) studied numerically axisymmetric steady laminar incompressible flow of an electrically conducting micropolar fluid with an external transverse magnetic field between two permeable infinite parallel disks with the constant uniform injection through the surface of the disks.
The fluid flow and heat transfer between two parallel porous disks have been of great interest due to their applications in the fields of design of thrust bearings, and radial diffusers. In thrust bearings the disks are separated by means of a lubricant injected through the disks. Fluids with polymer additives have been used as improved lubricating oils in modern lubrication technology (Connor et al., 1968) . Especially the micropolar fluid (fluid with additives) has lot of applications in biomechanical problems (Pal et al., 1988; Rudraiah et al., 1991; Umavathi et al., 2008a) . It justifies further investigations of the flow properties between the disks. The present work aims at studying the problem of steady, laminar and incompressible flow of a micropolar fluid through porous medium between two porous disks. We neglect the effects of body force and body couple. The flow is symmetrically driven by equal injection and suction through the two porous disks. We use DTM to solve the governing equations of motion and compare the numerical results with Takhar et al. (2000) and Ashraf and Wehgal (2012).
Mathematical Formulation
Consider the steady-state, laminar and incompressible flow in a non-Darcian porous medium saturated by a micropolar fluid between two permeable axisymmetric parallel stationary porous disks of infinite radii located at the planes z = −a and z = a as shown in Figure 8 .1. Assuming the flow to be fully developed, we impose on the flow field a constant injection/suction of fluid through the disks with uniform velocity V 0 .
Under these assumptions, the problem becomes two dimensional and interest lies in the investigation of flow characteristics at any cross section. For the problem under consideration, the suitable coordinate system will be the cylindrical coordinates. The Darcy velocity components U and W are taken to be in the direction of r and z-axes, respectively. Following Eringen (1966) , Kaviany (1987), and Nield and Bejan (2013) , the governing equations of motion and heat transfer for the steady laminar viscous incompressible flow, through a porous medium filled by a micropolar fluid in the presence of inertial effect are
where v 3 (r, z) and T (r, z) are the microrotation and the temperature, respectively.
ρ is the density, p is the pressure, µ m is the vortex viscosity of the fluid, µ is the viscosity, µ ef f is the effective viscosity, κ is the permeability of the porous media, ϵ is the porosity, j is the microinertia, γ is the micropolar material constant, C p is the specific heat at constant pressure and K is the thermal conductivity of the fluid.
As a first approximation we take the effective viscosity µ ef f and effective thermal conductivity K ef f equal to the fluid viscosity µ and fluid conductivity K 0 . Nield (2000) It was obtained that for this flow µ ef f = ( 7.5
This relation is also used by Kuznetsov (1997) . However, most works used the Brinkman model assuming that the fluid viscosity and the Brinkman viscosity (i.e., effective viscosity) are same in the momentum equation (Umavathi et al., 2010a; Vafai and Kim, 1990) . Liu and Masliyah (2005) noticed that for high porosity cases µ ef f is taken to be equal to µ.
Flow and heat transfer in a porous medium saturated by a mcropolar · · ·
The boundary conditions at the two porous disks for the velocity field are
where V 0 is a constant injection velocity at the disks. Following Takhar et al. (2000), and Ashraf and Wehgal (2012), the boundary condition for microrotation, is given by
i.e., no spin boundary conditions are taken at the disks.
The boundary conditions for the temperature are
We note that the velocity V 0 is negative and positive indicates the fluid is injected through the upper disk and the lower disk respectively. The microrotation component N is taken to be zero at the two disks as the curl of the velocity field is zero there.
In order to obtain the velocity field, the microrotation field, and temperature field we have to solve equations (8.1)-(8.5) subject to the appropriate boundary conditions 
where η is the similarity variable and prime denotes differentiation with respect to η.
Using equations (8.10), it can be seen that equation of continuity (8.1) is identically satisfied and so the velocity components represent the possible fluid motion. Substituting (8.10) in the governing equations (8.2)-(8.5) we get, after a little simplification and then eliminating pressure term, the following ordinary equations in the dimensionless form:
where Re = ρ a V 0 /µ is the Reynolds number, R = µ m /µ is the vortex viscosity or micropolar parameter, Da = ϵ κ/a 2 is the Darcy number, B = j/a 2 is the microinertia density parameter, A 1 = γ/(µ a 2 ) is the spin gradient viscosity parameter and Pr = µ C p /K is the Prandtl number. For Re < 0 we take the injection at the two disks and for Re > 0 the problem corresponds to the suction at the both the disks, respectively. The boundary conditions (8.6)-(8.8) for equations (8.11)-(8.13) in the dimensionless form can be written as
The physical quantities of interest in this problem are the shear stress τ w and the couple stresses m w on the disks, which are defined as
The other physical quantities of interest are the Nusselt numbers N 1 and N 2 at the upper and lower disks, which can be defined as
We have to solve equations (8.11)-(8.13) subject to boundary conditions (8.14). We note that equation (8.12) reduces to the corresponding equation for a Newtonian fluid when microrotation is vanishing (R = 0). Furthermore, these equations together with the associated boundary condition (8.14) are inline with those obtained by Takhar et al. (2000) in the absence of the porous media. These facts validate our model for the micropolar fluid motion in the porous media.
Method of Solution

Solution using DTM and RKSM
Taking Differential Transform of equations (8.11)-(8.13) using the basic operations as given in Table 1 .1, one can obtain the transformed equations as
where, F (k),H (k) andθ (k) are the transformed notations of f (η), H (η) and θ (η)
respectively.
The following are the transformed initial conditions
Using the boundary condition, we can evaluate α 1 , α 2 , α 3 and α 4 .
Results and Discussion
The effect of flow and heat transfer of micropolar fluid in a porous medium between two parallel porous disks is investigated analytically. System of nonlinear ordinary differential equations (8.11)-(8.13) with boundary conditions (8.14) is solved analytically using the DTM. As there are no exact solutions for nonlinear equations, a comparison of analytical and numerical solutions is conducted and also compared the results with the available data. The Runge-Kutta shooting method is applied to evaluate the numerical solutions.
To have a better understanding of the flow characteristics we present a comprehensive numerical study of our findings in tabular and graphical forms together with the discussion and their interpretations. As our objective is to develop a better under- Table 8 .1. However, Table 8 .2
shows that, the radial velocity increases near the central plane as the value of Da increases, this trend being reversed near the disk (at the boundaries) for both injection and suction. It is noticed from Table 8 .2 that magnitude of the radial velocity is high for suction near the central plane and less near the disk compared to injection. As the Darcy number Da decreases, the radial velocity exhibits the characteristic of flattering.
The microrotation velocity H increases by increasing the values of Da below the centre plane (η < 0) and decreases above the centre plane (η > 0) as illustrated in Table 8 .3. The magnitude of microrotation velocity H is more for suction and less for injection.
Temperature increases with an increase in the values of Darcy number Da for injection
and decreases for suction below the centre plane (η < 0). Above the centre plane (η > 0) the reversal effect is observed i.e., temperature increases with an increase in the values of Darcy number Da for suction and decreases for injection as shown in shear stress whereas couple stress decreases for both injection and suction. It is also noticed that the shear stress for suction is more compared to injection whereas it is reversed on couple stress. It is seen from Figure 8 .12 that as the Darcy number Da increases the rate of heat transfer increases for suction and decreases for suction and increases for injection.
As the vortex viscosity parameter R increases the shear stress and couple stress increases for both suction and injection as seen in Figure 8 .13. It is also noticed that the shear stress is more effective for injection and less effective for suction at the upper disk. The effect of vortex viscosity R is similar to the effect of Darcy number on the rate of heat transfer for both injection and suction as seen in Figure 8 .14. That is, vortex viscosity increases rate of heat transfer increases for suction and decreases for injection. Table 8 .5 reveal the effect of vortex viscosity R on the temperature for a fixed value of Da = 0.001 and Pr = 0.2. For an increase in R, temperature increases near the lower disk and decreases near the upper disk for injection. Here also reversal effect is noticed on suction. It is seen that though the temperature variations are observed for injection but the magnitude of variation is very small.
Convergence of DTM solution
A comparison of the numerical values of the dimensionless axial velocity f (η), radial velocity f ′ (η), microrotation velocity H (η) and temperature θ (η) for the present model using DTM, Runge-Kutta shooting method is given in Table 8 (2000) and Ashraf and Wehgal (2012) in the absence of the porous matrix. The results show good agreement. 
